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Abstract-BaTi03 with and without Hf incorporation was 
studied as charge-trapping layer (CTL) for flash memory 
applications. Comparing with the device with BaTi03 CTL, the 
one with Hf-doped BaTi03 shows better performance in terms 
of higher program speed and better data retention due to 
suppressed leakage by Hf incorporated in BaTi03• Therefore, 
the Hf-doped BaTi03 is a promising candidate as CTL for 
flash memory application. 
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I. INTRODUCTION 
High-k dielectrics have been widely proposed to take the 
place of Si3N
4 
as charge-trapping layer (CTL) in metal­
oxide-nitride-oxide-silicon (MONOS)-type flash memories 
for down-scaling the dimensions as well as improving the 
performance of the devices [1]-[4]. Among various high-k 
dielectrics, BaTi03 is a promising candidate as CTL due to 
its high dielectric constant, which can enhance the electric 
field across the Si02 tunneling layer, thus improving 
program/erase (PIE) speeds at low operating voltage [2], [5]. 
Moreover, it has a large conduction-band offset with respect 
to the Si02 tunneling oxide, which is desirable for good 
retention because the tunneling probability of electrons from 
the CTL to the substrate decreases exponentially with the 
barrier height under retention mode [2], [5]. Also, it has been 
widely reported that the substitution of Ti4+ in BaTi03 with 
other iso:valent ions (e.g. Ht+, Zr4+) can reduce the 
dielectric loss and improve the properties of the film [6], [7]. 
However, there has been no study focusing on Hf-doped 
BaTi03 as CTL. Therefore, based on MONOS capacitors, 
this work aims to study the charge-trapping characteristics of 
Hf-doped BaTi03 by comparison with BaTi03. 
II. EXPERIMENTS 
MONOS capacitor with AIIAIz03/Hf-doped 
BaTi03/Si02/Si was fabricated on p-type silicon substrate. 
After the standard RCA (Radio Corporation of America) 
cleaning, 2-nm Si02 as tunneling layer (TL) was grown on 
the wafers by thermal dry oxidation. Then 10-nm Hf-doped 
BaTi03 was deposited on the Si02 by co-sputtering using 
BaTi03 target at a power of 30 Wand Hf target at a power of 
30 W in a mixed Ar/02 ambient, and the corresponding 
MONOS capacitor was denoted as Hf-BTO. Then 15-nm 
AI203 as blocking layer (BL) was deposited by means of 
atomic layer deposition using trimethyl-aluminum 
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(AI(CH3)3) and H20 as precursors at 300°C. Finally, AI was 
evaporated and patterned as gate electrodes by wet etching 
followed by forming-gas annealing at 300 °C for 20 min. For 
comparison, a control sample with AIIAI20iBaTiOiSi02/Si 
structure (denoted as BTO) was also fabricated by the same 
process. All electrical tests were performed under a light­
tight and electrically-shielded condition. 
III. RESULTS AND DlSSCUSI0N 
Fig. 1 displays the I-MHz C-V hysteresis loops of the 
MONOS capacitors with and without Hf incorporation. 
Sweep starts from inversion region to accumulation region, 
and back to inversion region again. As the sweeping voltage 
increases from ±8 V to ±12 V, the memory window 
increases from 4.0 V/3.9 V to 8.0 V17.7 V for the BTO and 
Hf-BTO samples respectively. The Hf-BTO sample shows 
similar memory as the BTO one. Therefore, it is believed 
that Hf incorporated in BaTi03 has little influence on the trap 
density of the BaTi03 film. 
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Fig. I I-MHz C-V hysteresis curves of the MONOS capacitors with 
and without Hf incorporation. 
Fig. 2(a) shows the program transient characteristics of 
the MONOS capacitors with and without Hf incorporation, 
where the Hf-BTO sample displays higher program speed 
than the BTO one under the same operating conditions. As 
the operating voltage Va increases from +8 V to + 12 V with 
a pulse width of 100 /!s, the VFBshift of the Hf-BTO sample 
increases from 3.0 V to 5.3 V; for comparison, the VFB shift 
of the BTO one increases from 2.2 V to 4.6 V. Considering 
the similar memory window (thus similar trap density) for 
the two samples from Fig. 1, the higher program speed for 
the Hf-BTO sample should be due to its higher charge­
trapping efficiency. Since Hf has better stability than Ti, Hf 
incorporated in BaTi03 is helpful to suppress the oxide 
leakage, thus contributing to the higher charge-trapping 
efficiency [4]. This claim can be further confirmed by the I­
V characteristics of the MONOS capacitors, where the Hf­
BTO sample shows smaller leakage (2.1xlO-8 A/cm2 at Va = 
+3 V) than the BTO one (4.0x 10-8 A/cm2 at V G = +3 V). Fig. 
2(b) shows the erase transient characteristics of the samples, 
where both samples are programmed at +12 V for 1 s before 
the erase test. It is observed that the Hf-BTO sample exhibits 
lower erase speed than the BTO one under the same 
operating conditions. This should be due to its suppressed 
leakage by Hf incorporation; therefore, electrons trapped in 
the CTL are more difficult to de-trap into the substrate [3]. 
This inference can be further confirmed by the data retention 
property shown in Fig. 3 later. 
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Fig. 2 (a) Program and (b) erase transient characteristics for the 
MONOS capacitors with and without Hf incorporation. The neutral 
VFB for the BTO and Hf-BTO samples are -1.5 V and -1.3 V 
respectively. 
Fig. 3 displays the retention characteristics of the 
MONOS capacitors with and without Hf incorporation under 
program state measured at 85°C. To exclude the influence of 
Coulomb-repulsion effect on data retention, both samples are 
operated to obtain the same initial VFB shift (�4.6 V) for fair 
comparison. The retained charge rate after 10 years is 
evaluated by extrapolation to be 32.2 % and 45.2 % for the 
BTO and Hf-BTO samples respectively. The smaller charge­
loss rate of the Hf-BTO sample demonstrates its better data 
retention. As mentioned above, Due to better thermal 
stability of Hf than that of Ti, Hf incorporated in BaTi03 can 
suppress the leakage, which is believed to be responsible for 
its better data retention. 
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Fig. 3 Data retention for the BTO and Hf-BTO samples measured at 
85°C. Both samples are programmed to achieve the same initial 
VFB shift (- 4.6 V). 
IV. CONCLUSIONS 
In summary, based on MONOS capacitors, the charge­
trapping characteristics of the BaTi03 films with and without 
Hf incorporation were investigated. Comparing with the 
device with BaTi03 CTL, the one with Hf-doped BaTi03 
CTL displays higher program speed and better data retention. 
Therefore, the Hf-doped BaTi03 is a promising candidate as 
CTL for flash memory applications. 
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